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iKjiefiftio^tiw 99lh percentile for healthy individuals. Given these criie- 
^Rp^S? dfC.AM. temperature of greater than 37.2° C (98.9° F) or a r.M. 
I lIs^F^^ 2 ^ °f S rea *er than S7.T*C (99.9 a F) would define a fever. 
5::§£p$*iic!tal temperatures arc- generally 0.6°C (IT) higher. Lower esopha- 
y a^^efll- temperatures closely reflect core temperature. The temperature 
^fc^fja-frcsWy passed urine specimen is close-to rectal values, The normal 
/Jp^j^h circadian temperature, rhythm is associated with temperatures 
ll^^Wyinff typically by 0-5°C (0.9°F) but occasionally by as much as 
^pjVdy?G^between the a_m. nadir and the p.m. peak. This morning-low and 
^f^j^Biung-bifih pattern is usually preserved in febrile diseases bur not 
' vi^byperthermia. In menstruating women, the a.m. temperature is geo- 
? iiC^ffcaliy lower in the 2 weeks prior to ovulation, rising by about 0.6°C 
^V^'l^ffi) with ovulation and remaining at thai level until menses occur, 
^addition, mere may be a seasonal variation in body temperature, 
v^v^iimlfy such physiologic- factors as postprandial state, pregnancy; 
' '&|gftlpciine alterations, and age may affect baseline Temperatures. 
'"'^.SCSgEfflQgBHS • Substances that cause fever are called pyrogens 
"; ? vTSaa$5ay be - either exogenous or endogenous. Exogenous pyrogens 
\ ; /^ome-from outside the host, whereas endogenous pyrogens arc pro- 
/;f&iiced>bythe host, generally in response to initiating stimuli that 
, 2 {jt^ usually triggered by infection or infl animation. The majority of 
■^'i^^p^enous ' pyrogens are microorganisms, their products, or toxins. 
<>^pfe^eS^haracterized type of exogenous pyrogen consists of a hetero- 
^Pightiecus group of molecules that is curmnon to all gram-negative 
^^pd^iecta' and is referred to as endotoxin (lipopolysaccharide, LPS). 
' /.which is found in the outer membrane of all gram-negative 
comprises lipid A and a polysaccharide core linked to an 
^saccharide side chain composed of repealing units .of sugars 
^ary with che grarn-ncgativ© organism. Gram-positive organisms 
ioiarc sources of potent pyrogens. These include cell wall-derived 
ipotcichoic acid and pcptidoglycans. Several exotoxins andenterotox- 
^hVproduced by pathologic strains of streptococci and staphylococci 
; t^fef^s- bacterial superantigens— polyclonal T-lymphocyte activators 
'Xmatebind to the variable region of the T-cell. receptor rather than in 
':^uYe^antigen-binding pocket of the receptor. This binding leads to the 
, ;^ctrvation of cells of many specificities, with resultant mediator- release 
<*fin(f itissuc damage: These toxins are thought to contribute to both 
rsfajjhylococcal and streptococcal toxic shock. In vivo, as little as 1 
^glbf-LPS/kg is capable of producing fever in humans; although there 
i^ino-.in -vivo data for humans, gram-positive cell-wall constituents 
;/^efierally require a 2- to 3-log larger amount of material by weight 
Sf&mduce the production of endogenous pyrogens in vitro. 
• J^ 7 flri general, exogenous pyrogens act . primarily by inducing the 
Problems^!, ">|^E(Euiation of endogenous pyrogens through Stimulation of the host's 
^TLs^usually monocytes and macrophages. However, the distinction 
, -^enween exogenous and endogenous pyrogens is sometimes blurred. 
-ffidrvJejcflmplc, LPS may act directly on endothelial cells in the brain 
. HNr^ncrate fever,' whereas many exogenous products result in the 
• Release --of endogenous pyrogens, thereby causing fever. Such en doge- 
3f£feisubstances include antigen-antibody complexes with comple- 
/fi^Htj'i complement cleavage products, steroid hormone metabolites, 
tlftl& : acidsi and some cytokines. 

fy^tlEkdogenous pyrogen^ are polypeptides- produced by a variety of 
^f^ells, particularly monoeywtf/macrxiphages. Endogenous pyro- 
fgj^lproduced cither systcmically or locally, gain entrance u> the 
^circulation and* produce fever at the level >of the thermoregulatory 
r c&fle^bf the hypothalamus. 

'riu #riwas originally thought that there was, a single endogenous pyro- 
£emT3ie standard experimental model utilized injection of leukocyte 
^^rhatants or sera from febrile rabbits into normal rabbits- a. .was 
^fcrealized that there- arc two leukocyte endogenous pyrogens: in- 
(IL) lot and IL-lp. These two intcrleukins have a common 
r weight of approximately 17.-5 (cDa, have only 26 percent 
jib acid sequence homology, and bind to the same receptors- Origi- 
[y^ttfoaght to be produced, only by phagocytic cells, IL-lct or 
" "lis also produced by endothelial cells, B lymphocytes, natural 
^cells, fibroblasts, smooth-muscie cells, keratinocytes, and glial 
because of the ubiquitous production of these and other interieu- 
JS&fccell-derived inflammatory pelypeptidea, and growth -promo ting 
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peptides, the more general term cytokine has been adopted to refer to 
these substances. Cytokines are regulatory polypeptides produced by 
a large variety of. nucleated cells. Specifically, cytoldnes are pro- 
duced by monocytes/macrophages, lymphocytes, endothelial cells, he- 
patocytes, epithelial cells,' keratinocytes, and, fibroblasts as well as 
other cells. Cytokines typically act locally, initiating autocrine (self- 
stimulating) Or paracrine (nearby-stimulating) effects. When found 
in the circulation, cytokines are usually . present in picogranvper- 
milliliter concentrations. 

The major fever-inducing cytokines appear to be IL-lot, 1L-Ip, 
tumor necrosis factor o (TNFa). interferon (IFN) a, and IL-6. When 
any of these cytokines is administered intravenously to humans, chills 
and fever develop within I h. IL-la and -lp are the most pyrogenic, 
with temperatures of 39"C developing in response to doses of 1 to 10 
og/kg of body weight. Doses of 100 ng/kg have caused higher fevers 
and rigors. TNFa produces chills and a temperature of 39°Oat some- 
what higher doses (50 to 100 ng/kg). IL-6 Is the least pyrogenic of 
these cytokines, producing a temperature of 39°C at .10 u*g/kg. IFNa 
and IFNv have been administered primarily by the subcutaneous route; 
therefore, chills and fever develop after 3 to 4 h. On a weight basis, 
the interferons arc less potent than IL-1 or TNFa and similar to 
TL-6. Moreover, die degree of fever elicited decreases with, repeated 
injections of interferon. Studies with genetically altered mice have 
revealed that IL-1 and TNFa cause fever by inducing- li>6 in the brain. 

HYPOTHALAMIC CONTROL OFTEMPEMATCRE Body 
temperature is controlled by (he hypothalanius. Neurons m both the 
preoptic anterior hypothalamus and the posterior hypothalamus receive 
two kinds of signals — one from peripheral nerves that jFeflect.receptois 
for warmth and cold and the other from the temperature of' the blood 
bathing the region. These two signals are-integrated by the thermoregu- 
latory center of the hypothalamus to' maintain normal temperature. 
In.a neutral environment, the metabolic rate of humans consistently 
produces more heat than is necessary to maintain the core body temper- 
ature at 37*C. Therefore, the hypothalamus controls temperature by 
mechanisms of hear loss. 

' Clusters of neurons in the preoptic/anterior hypothalamus are sup- 
plied by a rich and permeable vascular network 1 with limited blood- 
brain barrier function. The specialized vascular network is called the 
organum vasculosum laminae termmalis. Jt is likely that the endothe- 
lial cells of this network release arachidonic acid metabolites when 
exposed to endogenous pyrogenic cytokines from the circulation'. The 
arachidonic acid metabolites — mainly prostaglandin Ej — then 

presumably diffuse into the preoptic/anterior hypothalamic region and 
initiate fever. It is also possible that PGE 2 or other arachidonic acid 
products induce a second messenger such as cyclic AMP, which in 
turn raises the thermoregulatory set point PGEz is the most potent of 
the fever-producing arachidonic acid derivatives when injected directly 
into the hypothalamus and is believed to, mediate the rise in the thermo- 
regulatory set point. With the new, higher '"thermostatic setting," sig- 
nals go to various efferent nerves, particularly those sympathetic fibers 
innervating the peripheral blood vessels,' which in turn initiate vasocon- 
striction and promote heat conservation. The thermoregulatory center 
also sends signals to the cerebral cortex, initiating behavioral changes 
such as seeking a warm environment, putting on more clothes, and 
special posturing. With the shunting of blood from the periphery and 
these behavioral changes, the body temperature usually rises by 2 to 
3°C; if the hypothalamus calls for more beat,. severing (involuntary 
muscle contraction) is triggered to increase heat production. The com- 
bination of heat conservation and increased heat production continues 
until the (emperature of the blood bathing the anterior hypothalamic 
neurons matches the new "setting." At that point, the hypothalamus 
maintains the new febrile temperature (Fig. 17-1). 

The hypothalamic set point is reset downward by the disappearance 
of stimulating pyrogenic cytokines or by the inhibition of local prosta- 
glandin synthesis by cyclooxygenase inhibitors such as aspirin and 
ibuprofen. The reduction of fever by acetaminophen involves the 
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cane sugar, and ferroelectric barium titanaie. | IpiTOHJlektrik 

pyroelectrlcify [solidstats] The property of certain crystals 
to produce a state of electrical polarity by a change of temper- 
ature. I !pTT©,i,lek'iri$*90VS 1 

pyrogsUic ecid [org ch£M] C^H^OU^ Lustrous » lighl- 
sensitxve while crystals, melting at 133°Q soluble in alcohol, 
ether, and vaier; used for photography, dyes, drags, medicines, 
and process engravings, and as' an analytical reagent and pro- 
tective colloid. Also known a$ pyrogallol- [ IpI-ro'gaHk 'as* 
3d | 

pyrogaUol See pyrogallic acid. ( l pir5'g& l l6) ] 
pyroganolphthaleinSeegaUcin. [ Iprro^al-g'thal-c^ ) 
pyrogen [bioch&m] a group of substances thought to be 
pory&acchaiides of microbial origin thai produce an increase in 
body temperature when injected into humans and some animals. 

( 'piTO J3Q ) 

pyrogefiests [geol] The intrusion and extrusion of magma 

and its derivatives., ( l pTTU , jen*d"s^S ) 
pyrogenetic mineral [mineral] An anhydrous mineral of 

an igneous rode, usually crystallized at high temperature in a 

magma containing relatively few volatile components. { |pr 

ro'jo'oecHk 'inhml J 

pyrogenic distillation [chem eng] A cracking process that 
runs at high icrarjcrdrures, high pressures, or both, resulting m 
greater yields of the light hydrocarbon components of gasoline. 
J IpTiD^'en-ik .dist-al'a-Smm ] 

pyroligneous [CHEMENG] Referring to a substance obtained 
by the destructive distillation of wood. ( frrr5'tigi£-9S } 

pyrolig neons acid [okg ckem] An impure acetic add de- 
rived from destructive distillation of >vood or pine tar. Also 
known as pyracctic acid; wood vinegar. { [pTTo'Iig-nc-es 'as* 
od) 

pVTOlitTHC ECicI See cyanuric acid- ( ^prrujtith*ik 'aS*3d ) 
pyrotu&lla [mineral] MnOa An iron-black mineral that 
crysrzllrzcs in tbe tetragonal System and is the most important 
Ore of manganese; hardness Li 1—2 on Mohs scale, and specific 
gravity is 4.75. ( ,piT3'lu t sil ) . 

pyrotysate [cttem] Any prodnctcf pyroiysis. | pTVlu^zui } 
pyrolysls [chem] Tbe breaking apart of complex molecules 

into simpler units by the use of heat, us in the pyiolysis Of heavy 

oil lo make gasoline, 1 pa'riil-^sss | 
pyromagma [ceol] A highly mobile lava, oversatumted with 

gases, that exists at shallower depths than hypomagma. { ,pp 

to 'mag-ma J 

pyromanla [psych] A monomania for acrring or watching 
fires. 1 .prro'maTie'o } 

pyromelane5tfc broofcitc. | IpHo'mc.lan | 

pyromelllilcackl [org chem] CgHaCCOOHXt A while pow- 
der with a melting point of 257— 265°C; used as an intermediate 
for polyesters and poly amides. Abbreviated PMA. ( fprrO* 
md'Udrik 'as-od ] 

pyromellltlc dlanhydrtde [oro chem] C^ti 7 (.C 2 0 3 ) 1 A 
white powder with a melting point of 28 6° C; soluble in some 
organic solvents; used for curing epoxy resins. Aobrcvintcd 
PMt)A. { .prruTno'lid-ik Jdi-an'lfi.drTd } 

pyrometallurgy [mitt] High-temperariirer*rDceiismc^^ 
{ JplT6 , mcd*ol,3rjc } 

pyrometarnorphisrn [prm] Contact metamorphism at tem- 
peratures near tbe melting points of the Component minerals. 
{ Ifnt^med-a'raor.firam ) 

pyrometa$omaHfim [petr] Farming of contact-meiamor- 
phk mineral deposits ai high temperatures by emanations from 

the intrusive rock, involving replacement of the enclosing rock 
with the addition of materials. ( Ipi^rjaed-o'so^no.tiz^in ] 

pyrometer [eng] Any of a broad class of temrjerarimvroeas- 
uring devices; they were originally designed to measure high 
temperatures, but some are now used in any temperature range; 
includes radiation pyrometers, thermocouples, resistance py- 
rometers, and thermistors. [ pf ranrad'or } 

pyro metric cone Sec Seger cone. [ ;pt , r9;rne*irik 'kflo ) 

pyromeby [thermo] The science and technology of meas- 
uring high temperAlures. ( prr3m*9trE ) 

pyromorpfiite [mineral] PbaCPO^Cl A green, yellow, 
brown, gray, or white mineral of the apatite group. Crystallizing 
in tbe hexagonal system; a minor ore of lead. Also known as 
green lead ore- I Ipl-rp'mAr.fit ] 

pyromucic acid See turoic acid. { Iprro'myO'sik 'as-od ) 
pyron [physJ A unit of area-density of power, equal to the 
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( l pT,ran J 
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gray, or brown p 
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granites, and mcU 
( ,praC'fi,lit ) 
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pyrot&chnlccodt 
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